Abstract-The present study was performed to determine the effect of ouabain on Ca release from fragmented sarcoplasmic reticulum (FSR) isolated from cardiac muscles by changing the ionic environment and by caffeine.
potentiated Ca release from FSR by altering the ionic environment.
These results suggest that the positive inotropic action of ouabain is dependent upon the poten tiation of Ca release in SR vesicles of cardiac muscle.
We have previously reported that microinjection of ouabain into crab muscle fibers produced a marked positive inotropic effect (1) . Furthermore, ouabain potentiated a contractile response in frog and cat cardiac muscles under the condition of a Ca free medium prepared by pretreatment with Dowex A-1, Ca-chelete resin (2, 3) . These findings suggest that ouabain may produce an increase of Ca release from fragmented sarcoplasmic reticulum (FSR) isolated from cardiac muscles. Kasai and Miyamoto (4) reported that using FSR isolated from skeletal muscles, depolarization-induced Ca release from FSR was elicited by changing the ionic environment.
In the present study we attempted to determine whether ouabain potentiates Ca release from cardiac FSR by changing the ionic environment and by application of caffeine.
MATERIALS AND METHODS
Isolation of cardiac FSR: Cats (about 2-3 kg), guinea pigs (about 300 g) and frogs
(Rana Japonica, about 15 g) of both sexes were used. FSR was isolated from cardiac muscles as microsomal fractions by Weber's method (5), with some modification. Ventri cular muscles of the cat (about 6 g, I heart), or guinea pig (about 4 g, 4 hearts) or frog (about 2 g, 100 hearts) were minced, under 4'C conditions. Each muscle was then homogenized in a Waring blender for 2 min (blend for 15 sec and rest for 45 sec, repeated 8 Determination of Ca release from FSR by changing the ionic environment: FSR (1.0 mg protein/ml) was preincubated in a solution containing 0.3 M KMS in addition to 20 mM Tris-maleate (pH 6.8) and 2 mM MgC12. Call-uptake was then begun by adding the FSR suspension (0.5 ml) to a medium (2.0 ml) containing the same solute as the solution for preincubation, in addition to 3 mM ATP and 30 pM total Cat+(CaC12 +45CaC12). Ten min after the initiation of Cat+-uptake, each ml of the reaction mixture was passed through each Millipore filter prepared for control and ouabain cases. Thereafter, three ml of KCI washing medium (KCI; 0.3 M, MgC12; 2 mM, Tris-maleate; 20 mM pH 6.8) with or without ouabain was added in order to change the ionic environment and remove free 45CaC12. One min later, the washing medium was passed through the filter and the remaining Ca2+ in FSR was measured and expressed as the percentage for the total Ca-uptake.
Determination of Ca release from FSR by caffeine: In the case of Ca release by caffeine, the KMS washing medium containing caffeine of 30 mM was used.
Determination of the radioactivity of a 45Ca in FSR adhering to the Millipore filter: A filter was placed in a vial filled with 3 ml of distilled water and the preparation shaken over night. The filter was then rinsed with I ml of distilled water and removed. After this procedure, the FSR suspension solution was dried under an infrared lamp. Both HNO3 of 100,ul and H2O2 of 10 pl were added and the mixture was warmed at 40'C for 3 hr. After the addition 100 al of distilled water and 15 nil of Brays scintillator, the vials were cooled for about 2 hr at 4'C. The radioactivity of 45Ca was then measured using a liquid scintil lation counter (Packard 2450). An acid and EDTA-washed Pyrex glass was used in all experiments using 45Ca to avoid contamination by extraneous Ca2+
Observation of the effect of ouabain on the Ca release:
The washing medium containing ouabain (2 x 10-6 M) was used in all experiments and the time of ouabain treatment was 1 min.
Fig. 1. Electron micrograph of frog cardiac fragmented SR (FSR)
. Note the lack of contamination of the mitochondria. Fixation; glutaraldehyde (2%) and osmium tetroxide (1 %). Staining; uranyl acetate and lead citrate.
RESULTS
Electron micrograph of FSR isolated from cat, guinea pig and frog cardiac muscles: Figure 1 shows the electron micrograph of FSR isolated from the frog heart.
There is no evident contamination of mitochondria in the FSR. FSR isolated from cat and guinea pig hearts also showed no mitochondrial contamination. The electron micrographs in Fig. 2 show negatively stained SR vesicles prepared from cat, guinea pig and frog cardiac muscles (potassium phosphotungstate-stained).
As can be seen, SR preparation in this experiment was excellent or almost completely "intact". Each vesicle exhibited tails and many granules.
Effect of aging on Ca-uptake and Ca release in cat cardiac FSR: Twenty-four hr after the isolation, Ca-uptake by FSR and Ca release from FSR by caffeine (30 mM) had almost the same values as seen in the case of fresh FSR.
On the other hand, 24 hr after the isolation, Ca release from FSR (by changing the ionic environment) was about one fourth compared to that seen in the fresh FSR isolated from cat heart.
Capacity of Ca-uptake by various FSR : The Ca-uptake, dependent on ATP, by cardiac FSR from various species was almost the same degree ( Table 1 ). The value of the total Ca-uptake by frog FSR was slightly less than that seen in cat and guinea pig.
Effects of ouabain on Ca release from cat FSR : As shown in Fig. 3 , ouabain potentiated calcium release from FSR by changing the ionic environment. In control preparations, the amount of Ca release was about 10%, whereas in the presence of ouabain, the amount of released Ca increased to one half of the total Ca-uptake. The amount of calcium released by caffeine was one half of the total Ca-uptake, irrespective of the presence or absence of ouabain, i.e. the caffeine-induced Ca release was not potentiated by ouabain.
FIG. 2. Electron micrographs of negatively stained SR vesicles (potassium phospho tungstate-stained).
Each vesicle had tails and many granules. Effects of ouabain on Ca release from various FSR: As shown in Fig. 4 , ouabain poten tiated Ca release by changing the ionic environment in all FSR. In control cases, the amount of Ca release was about 10 %, however in the case of ouabain, the amount of Ca release increased to one half of the total Ca-uptake, as was the case with caffeine.
DISCUSSION
The results demonstrated two important findings 1) that Ca-release from cardiac FSR occurs by changing the ionic environment, as has been observed in skeletal FSR, and 2) that ouabain potentiates the release. The amount of Ca-uptake dependent on ATP was almost the same in all species used ( Table 1 ). The maximally possible Ca release from FSR isolated from rabbit leg muscles amounted to about one half of the total Ca-uptake (4).
The releasing capacity of 45Ca from FSR is probably one half of the total Ca-uptake. The
Ca release activity from FSR due to changes in the ionic environment decreased with age and was restored by ouabain to the maximal level (Fig. 2) . Ouabain did not potentiate Ca release by caffeine (Fig. 3) . It may be that ouabain plays little or no part in the poten tiation of Ca release when caffeine has elicited Ca release to the maximal level. play the most important role in physiological E-C coupling in skeletal muscles (9) . The above-mentioned views may also be applicable to the case of mammalian cardiac muscles (10) . The results obtained in our study suggested the possibility that in frog cardiac muscles the role of SR in the E-C coupling process is similar to that which occurs in mammalian hearts.
The mechanism of physiological Ca release from SR, even in the skeletal muscles,
is not well understood and the mechanism of ouabain potentiation on Ca release from FSR is still a matter of speculation.
Ouabain has no apparent effect on Ca-uptake by cardiac FSR (11) . In earlier experi ments, it was suggested that cardiac glycosides potentiate Ca release from cardiac FSR. Call might be in part, the result of an increase of Ca release from SR by ouabain.
We have already shown that in cat papillary muscles driven electrically (6 times/min), Our preliminary results demonstrated that ouabain occupies a considerable cellular space in the frog heart, at the positive inotropic stage, that is, a 3H-ouabain space represents 0.55 despite the fact that a '4C-inulin in space represents 0.20 measured in the muscles (1). Fur thermore, in examination of the intracellular distribution of 3H-ouabain, the highest con centration of 3H-ouabain was found in the SR fraction in the hearts (unpublished obser vations). It has also been reported that the highest concentration of 3H-ouabain was observed in a SR fraction when a positive inotropic action was monitored in cat hearts, and that the drug concentration in nuclear and mitochondrial fractions was one tenth that found in the SR fraction (20) . The results obtained from studies using radioactive ouabain suggest the possibility that ouabain may act on SR in cardiac muscles, at the positive inotropic stage.
In conclusion, it would appear that ouabain potentiates Ca release from cardiac FSR by altering the ionic environment and this phenomenon may explain the positive inotropic effect of ouabain.
